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ABSTRACT
We present a study of the diffuse X-ray emission from superbubbles N 70 (DEM L301) and N 185
(DEM L25) located in the Large Magellanic Cloud, based on data from the XMM-Newton Satellite.
We obtained spectra and images of these objects in the soft X-ray energy band. These X-ray spectra
were fitted by a thermal plasma model, with temperatures of 2.6 × 106 K and 2.3 × 106 K, for N 70
and N 185, respectively. For N70, images show that X-ray emission comes from the inner regions of
the superbubble, when we compare the distribution of the X-ray and the optical emission; while for
N 185, the X-ray emission is partially confined by the optical shell. We suggest that the observed
X-ray emission is caused by shock-heated gas, inside of the optical shells. We also obtained X-ray
luminosities which exceed the values predicted by the standard analytical model. This fact shows
that, in addition to the winds of the interior stars , it is necessary to consider another ingredient in
the description, such as a supernova explosion, as has been proposed in previous numerical models.
Subject headings: ISM: bubbles — ISM: H II regions — ISM: supernova remnants — stars: winds,
outflows — galaxies: Magellanic Clouds — X-rays: ISM
1. INTRODUCTION
Massive stars transfer energy into the interstellar
medium (ISM) in two ways during their lifetime: by
radiative luminosity (L?) and by mechanical luminosity
due to winds (Lw)— where Lw =
1
2M˙wv
2
w, M˙w is the
mass loss rate and vw is the wind terminal velocity—. In
the “single scattering upper limit” approximation, which
assumes that the momentum of the wind is equal that of
the radiation, the mechanical luminosity of the stellar
wind is less than one per cent of the stellar radiative lu-
minosity, Lw/L? =
1
2vw/c . 0.002, for a typical terminal
velocity of winds from early-type stars (corresponding to
vw = 1000 km s
−1 and M˙w = 10−6M yr−1), and c is the
speed of light. However, mechanical luminosity transfers
energy to the interstellar medium (ISM) more efficiently.
A classical example is found in OB associations (OBAs),
which are composed of early-type massive stars that con-
tain strong stellar winds, which in turn produce shock
waves that sweep up the surrounding ISM, creating a su-
perbubble (SB) around the OBA. The standard model
(Weaver et al. 1977) describes these SBs as structures
that consist of a shell of swept-up ISM, cool and bright
in optical emission lines, that contains shock-heated gas
emitting X-rays in its interior.
The standard model has been tested with observations
of the kinematics and the X-ray emission of bubbles and
superbubbles. Of particular relevance are the studies of
SBs in the Large Magellanic Cloud (LMC) that have
large-diameter shells, which in several cases are larger
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than predicted by the standard model. Chu & Mac Low
(1990) and Wang & Helfand (1991) found that most SBs
had X-ray luminosities an order of magnitude higher than
predicted by this model. Nevertheless, there are super-
bubbles with luminosities consistent with the predictions
of the standard model. Oey (1996b) –based on observa-
tions by Rosado et al. (1981), Rosado et al. (1982) and
Rosado (1986)– proposed two SB categories in terms of
dynamical data: high-velocity and low-velocity super-
bubbles, latter type being more consistent with the stan-
dard model. Oey (1996b) concluded that X-ray emit-
ting SBs with high expansion velocities and intermediate
[S II]/[H α] line-ratios (≥ 0.5) cannot be explained by
the mechanical energy of stellar winds alone, and must
be associated with supernova explosions that occurred
in their interiors. The energy released by the supernova
explosion would be an additional source of heating for
the gas inside the superbubble, which would explain the
observed X-ray excess. At the same time, the explosion
would produce an acceleration of the shell that could
explain the high expansion velocities observed. In a pre-
vious work (Rodr´ıguez-Gonza´lez et al. 2011) it has been
confirmed the high expansion velocities in the models in
which a supernova event has taken place. For instance,
the Gum Nebula is a case in which a supernova explo-
sion can explain the X-ray emission (Leahy et al. 1992).
However, as discussed in Rosado (1986) the detection of
non-thermal radio emission is essential to have a defini-
tive confirmation of the presence of a supernova remnant
(SNR) in the SB.
In this work we study two SBs belonging to the high-
velocity type: the N 70 and N 185 (both in the LMC).
This characteristic makes these two superbubbles pro-
vide excellent laboratories in which to study the X-ray
emission.
The superbubble N 70 (DEM L301) is an almost circu-
lar shell, about 100 pc in diameter. It contains the OBA
LH 114 (Lucke & Hodge 1970), with more than 1000
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stellar sources (The SIMBAD Astronomical Database);
of these, seven are O-type stars (Oey 1996a). The mean
age of this star association is about 5 Myr, a sufficient
time for the first supernova explosion to occur. While ra-
dio observations are inconclusive about the non-thermal
character of its radio continuum emission (Milne et al.
1980), a subsequent work by (Filipovic et al. 1998) re-
ported a spectral index α = −0.02 which is larger than
the typical α = −0.43 value for SNRs. Observations
in the optical and X-ray bands have found evidence of
a supernova explosion inside the superbubble (Rosado
et al. 1981). Rosado et al. (1981) and Georgelin et al.
(1983) obtained intermediate [S II]/[Hα] line-ratios in
N 70, larger than those typical of photoionized HII re-
gions, but lower than those typical of SNRs in the LMC.
The range of values found in the outer filamentary shell
is ([0.8−2.0]), are close to the range of excitation in some
of the supernova remnants observed in the LMC (Skel-
ton et al. 1999). These line ratios can be explained by
models with shock velocities of about 40− 70 km s−1, in
agreement with the measured expansion velocity of this
superbubble. The high expansion velocity is in contradic-
tion with the standard model (Oey et al. 1996b). Using
archival data from the Einstein observatory, Chu & Mac
Low (1990) reported an X-ray luminosity of N 70 an or-
der of magnitude higher than predicted by the classical
wind-blown bubbles model.
The superbubble N 185 (DEM L25) is very similar to
N 70. N 185 has a spherical shape, with a diameter be-
tween 92 and 112 pc. Rosado et al. (1982) measured
an expansion velocity of 70 km s−1 for this superbubble.
N 185 contains an OB association in its interior, consist-
ing of more than 800 stellar sources (The SIMBAD As-
tronomical Database); where only one is an O-type star
(Oey 1996a). The likelihood that it had some additional
massive stars in the past, along the high expansion veloc-
ity, and the intermediate [S II]/[H α] line-ratio (Rosado
et al. 1982; Georgelin et al. 1983) suggest that this super-
bubble could have originated from a supernova explosion,
or explosions. Radio observations have reported a spec-
tral index α = −0.67, which is typical of SNR candidates
(Filipovic et al. 1998). N 185 was detected by ROSAT,
with an X-ray luminosity of LX ∼ 1.8 × 1035 erg s−1 in
Oey (1996a); this is higher than what is expected from
standard model predictions.
To unravel the origin of these high-velocity superbub-
bles, we will focus our attention to their X-ray emis-
sion, now observed with more sensitive instruments such
as XMM-Newton observatory. We selected these two
SBs because of their high expansion velocities, their high
[S II]/[H α] line-ratios, and their X-ray excess. A detailed
study of the X-ray emission could help us to determine
if stellar winds alone are the origin of the large diame-
ter shells, or if supernovae are required to produce the
large shells. If supernova explosions have occurred in
their interiors, then the X-ray emission might allow us
to determine the relative contributions to the bubble ex-
pansion from the stellar winds and from the supernova
explosions.
Our study of diffuse X-ray emission from SBs N 70 and
N 185 is made with archival data from XMM-Newton ob-
servations. This paper is organized in the following way:
In Section 2 we present a brief overview to the theory
Fig. 1.— A generalization of the standard model (Weaver et al.
1977) conceived for a single star. Schematic structure of a super-
bubble produced by an OBA : (A) star cluster region, (B) free-wind
region, (C) shocked-wind region, and (D) shocked-ISM region.
of superbubbles. Section 3 we present the data and de-
scribe its reduction. Sections 4 and 5 are dedicated to
the observational results for the SBs N 70 and N 185, re-
spectively. Finally, in Section 6 we give a discussion and
our conclusions.
2. SUPERBUBBLE DYNAMICS AND SOFT X-RAY
EMISSION
The standard model used to describe the structure of
SBs is based on the original model of (Weaver et al.
1977), which describes the structure produced by the in-
teraction of a wind of a single star with its environment,
and it was later extended to include the winds of several
stars in a OBA (Chu et al. 1995). The mechanical energy
that the stars of the OBA deposit to the ISM in the form
of stellar winds, is given by
Lw =
N∑
i=1
1
2
M˙w,iv
2
w,i , (1)
where M˙w,i and vw,i are the mass-loss rate and the wind
terminal velocity of the ith star, respectively, and N is
the total number of stars. The interaction of this winds
with ISM creates a superbubble structure with the fol-
lowing four regions (see Figure 1):
• (A) An inner zone where the stars are located and
inject their winds. This region is delimited by the
OBA radius RC. Outside this region a common
OBA wind is established.
• (B) A free-wind zone is the region between the
OBA radius and the reverse shock.This region is
filled by the unperturbed stellar OBA wind.
• (C) A shocked OBA wind zone located between
a reverse shock (or inner shock) and the contact
discontinuity.
• (D) An external zone, between the contact disconti-
nuity and the external shock. This region contains
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shocked ISM material that has been swept by the
external shock.
In zone A, stellar winds of the massive stars collide
with each other, thermalizing all the gas injected inside
the cluster volume forming a common OBA wind –for
this to be possible RC  R, where R is the radius of
superbubble–. The OBA wind expands freely inside zone
B. Zone C is formed by gas of the stellar cluster wind that
has been shocked by the inner or reverse shock. This out-
flow is thermalized and emits in soft X-ray energy range.
Finally, zone D is formed by shocked-ISM gas emitting in
optical; it is the densest zone according to the standard
model. This description corresponds to the intermediate
stage of evolution of the superbubble, there are impor-
tant radiative losses in the region (D) but in region (C)
there are small; and in the contact discontinuity that
separates them thermal conduction transports heat due
to the large temperature gradient between the regions
(C) and (D) which have temperatures of 106 and 104,
respectively.
The equations that described the dynamics of the shell
or region (D) according to the Weaver et al. (1977) model
are:
R = (42 pc)L
1/5
w37n
−1/5
0 t
3/5
6 , (2)
V =
dR
dt
= (0.59 km s−1)Rpc/t6 . (3)
R and V are the radius and expansion velocity of the
SB; where Rpc is the radius in units of pc, Lw37 is the
mechanical luminosity of the OBA in units of 1037 erg
s−1, n0 and t6 are the number density of the ambient
medium in units of cm−3 and the age of the bubble in
106 years, respectively.
The X-ray luminosity of a spherically symmeric gas
distribution is given by the integral X-ray emissivity in
the layer of shocked stellar wind –region (C)–:
LX =
∫
n2(R)ΛX(Z, T )d
3R , (4)
where R is the radial coordinate, n(R) is the numeri-
cal density, and ΛX(Z, T ) is the X-ray emissivity as a
function of its temperature and metallicity. The X-ray
luminosity that arises from the shocked gas (zone C) in
the superbubble evolving inside a homogeneous ISM can
be estimated by integrating Eq (4) from center to radius
Rmax where the temperature drops to the minimum (i.e.,
T (Rmax) = Tmin). As presented by Weaver et al. (1977)
and Chu et al. (1995), the integral can be written as:
LX = 1.1× 1035I(τ)ξL33/35w37 n17/350 t19/356 (erg s−1) , (5)
where ξ is the gas metallicity, and
I(τ) =
125
33
− 5τ1/2 + 5
3
τ3 − 5
11
τ11/3 , (6)
with
τ = 0.16L
−8/35
w37 n
−2/35
0 t
6/35
6 . (7)
The expression for the X-ray luminosity –Equation(5)–
is practical because Lx can be derived from physical pa-
rameters obteined from observations such as ISM density,
expansion velocity and the size of the SB, and the me-
chanical energy of the OBA wind.
3. XMM-NEWTON DATA AND DATA REDUCTION
Superbubbles N 70 and N 185 were observed with The
European Photon Imaging Ca mera (EPIC), on board
of the XMM-Newton observatory. EPIC consists of two
Metal Oxide Semi-conductor (MOS) CCD arrays (MOS1
& MOS2, Turner et al. 2001) and a pn-CCD (Stru¨der
et al. 2001). A summary of the observations is given
in Table 1. The EPIC MOS cameras were operated in
the Prime Full-Window Mode and the EPIC pn camera
was operated in the Extended Prime Full-Window Mode.
Two of the cameras contain seven MOS CCDs, while the
third uses twelve PN CCDs, defining a circular field of
vision (FOV) of ∼ 30′ in diameter, allowing the inclu-
sion of the entire superbubbles (sizes between 6′ − 10′)
in one pointing. In both observations, a medium filter
was used to block ultraviolet photons (Villa et al. (1998)
and Stephan et al. (1996)). The XMM-Newton pipeline
products were processed using the XMM-Newton Science
Analysis Software (SAS version 11.0.0).
Since the emission from these superbubbles is ex-
tended, the data were processed with the XMM-Newton
Extended Source Analysis software package (XMM-
ESAS) (Snowden et al. 2008) for the analysis of EPIC
MOS and pn observations. XMM-ESAS documenta-
tion can be found at the SAS Package documenta-
tion web pages: http://xmm.esac.esa.int/sas/ cur-
rent/howtousesas.shtml. This package automatically fil-
ters times of high background contamination. The re-
sulting effective exposure times are given in Table 1.
After filtering the event files, we created mosaic im-
ages of the EPIC cameras. We used the “cheese” task
to identify points sources and remove them. The pack-
age includes tasks to create and model the non-cosmic
background, correct the exposures and subtract the back-
grounds. We generate combined images (with a pixel size
of 2.5′′) of the EPIC cameras in the ([0.4 − 1.5]) keV
bands; there is no significant emission of the diffuse X-ray
emission above 2.0 keV for both superbubbles. Finally,
they were smoothed as described in Section 4.1 and 5.1.
A good background knowledge is crucial for the spec-
tral analysis. For a point source, a local background
extracted from a neighboring region can be used. In the
case of a diffuse source, as in the case of SBs N 70 and
N 185 corresponding to an area of diffuse X-ray emission
that covers one third of the XMM-Newton FOV –filling
entirely CCD#1 or the central CCD of EPIC MOS–, it
is inappropriate to estimate the local background from
the same data; many effects can be produced due to dif-
ferences in chip position. The high-energy particles that
interact with material surrounding the detector produce
fluorescence, which varies with position on the detector,
especially for the PN detector. In addition, the spectral
response depends on the position on the detector. To
estimate the background of diffuse sources, the XMM-
Newton EPIC Background working group has created
the so called blank sky data for each EPIC (Carter &
Read 2007). The blank sky data have been merged with
data from different pointings after the point sources were
eliminated. This data set consists in the detector back-
ground and an average cosmic X-ray background. In this
paper we used the blank sky data obtained by XMM-
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Newton EPIC Background Working Group (Request id:
0573-0575) in the direction of the SBs N 70 and N 185.
Before extracting the spectra, we have first corrected
both the observed data and the blank sky data for vi-
gnetting using the XMMSAS command evigweight. The
spectra of the diffuse X-ray emission from N 70 and N 185
were extracted from the event files of the EPIC cameras.
These spectra were extracted from a circular region en-
compassing the entire superbubble, while the background
spectrum is extracted from the blank sky data at the
same location on the detector as the source spectrum.
For this we use the script skycast, which converts the
detector coordinates of the XMM EPIC background into
sky coordinates, using the pointing direction of the obser-
vation. Finally, the spectra are grouped with a minimum
of 25 counts/bin.
4. RESULTS FOR N 70
4.1. Images: X-ray brightness distribution
Figure 2 shows a mosaic of images in the ([0.4 −
1.5]) keV energy band in the direction of SB N 70. The
top-left panel displays a combined EPIC MOS1/2 and pn
FOV image, which have been obtained by using the task
comb. The top-right panel shows the combined EPIC
smoothed (with a kernel of 80 counts) image, with a size
of 15′ × 15′, where the non-cosmic background was sub-
tracted and the exposure has been corrected. Besides,
several point sources have been identified and removed
from this observation, which are indicated by small cir-
cular voids in this image. A 15′ square smoothed image
is displayed in the bottom-left panel of Fig. 2, which is
overlayed by the X-ray contours at 3σ, 4σ and 5σ above
the cosmic background level. In order to analyze the
spatial distribution of the soft X-ray emission, in the
bottom-right panel we show a comparison between the
Hα emission of N 70, which was taken from the Magel-
lanic Cloud Emission Line Survey (MCELS; Smith et al.
1998), and the X-ray emission (in black contours). We
note that the soft X-ray emission is well-confined within
the Hα shell. This spatial distribution suggests that the
X-ray emission is produced by hot gas inside the opti-
cal superbubble. This distribution is recreated with an
RGB image–panel (Figure 3) where the Hα emission is
displayed in red and the diffuse soft X-ray is shown in
green. Note the emission to the East, external to the
optical superbubble, it is related to some sources found
in the field of vision.
4.2. Spectra and X-ray luminosity from diffuse emission
For spectral analysis of the EPIC MOS data, we used
XSPEC version 12.5.0 (distributed with the HEASsoft
6.6.1 software). The spectra of the EPIC MOS1/2 and
EPIC pn were extracted from a circular region encom-
passing entirely the N 70 superbubble. The point sources
inside this region were excluded. The background con-
tribution was estimated from blank sky data for each
EPIC-MOS1/2 and EPIC-PN; these contain both contri-
butions (i.e., instrumental and cosmic). The background
subtracted source spectra are shown in Figure 4. We
present the EPIC MOS1/2 and pn spectra in the interval
of energy ([0.2− 1.1]) keV and ([0.4− 1.1]), respectively.
In order to obtain the physical conditions of the X-
ray-emitting gas, the EPIC spectra were fitted simul-
taneously with a thermal model (APEC) (Smith et al.
2001) convolved with the interstellar absorption. The
best fit gives a reduced χ2 = 1.3 (χ2/d.o.f = 320.6/242).
We used a single absorbing column density via the pho-
toelectric absorption model (PHABS Balucinska-Church
& McCammon 1992), using reasonable values for the
absorption column density, NH = 5.0 × 1020 cm−2,
which is in agreement with the measures of column den-
sities in the LMC direction, average NH = 6.4 × 1020
cm−2 (Dickey & Lockman 1990). The chemical abun-
dance was set to 0.3 times the solar abundance, i.e.,
the average value of the ISM in the LMC (Russell &
Dopita 1992; Hughes et al. 1998). This best-fit has
plasma temperatures of kT = 0.22 keV. The observed
total flux of the diffuse X-ray emission, corrected for
absorption, is (0.7 ± 0.1) × 10−12 erg cm−2 s−1 in the
[0.2 − 1.1] keV range, which corresponds to X-ray lumi-
nosity (at the LMC distance of 54 kpc, Feast (1999)) of
2.4±0.4×1035 erg s−1. The best-fit model is overplotted
on the EPIC spectra with a solid curves in Figure 4, and
the best-fit parameters are listed un Table 2.
5. RESULTS FOR N 185
5.1. X-ray brightness distribution
Figure 5 shows an image mosaic of N 185, in the
([0.4 − 1.5]) keV energy band, which is similar to that
shown in Figure 2 for the case of N 70. The combined
EPIC MOS1/2 and pn FOV image is displayed in the top-
left panel while in the top-right panel is shown the com-
bined EPIC smoothed image (in this case with a kernel of
50 counts). The bottom-left panel show the smoothed X-
ray image, which is overlayed by X-ray contours at 5σ, 6σ
and 9σ above the cosmic background level. Finally, the
comparison between Hα (color-scale) and X-ray (black
contours) emission is shown in the bottom-right panel.
As in Figure 2, the Hα emission was taken from the Mag-
ellanic Cloud Emission Line Survey (MCELS; Smith et
al. 1998).
We note that, in the case of N 185, the soft X-ray
emission is only partially confined by the Hα shell, X-
ray emission extends well beyond the optical shell to
the southeast direction, where the optical shell appears
bright and well defined, so it is probable that the gas is
escaping towards the back of the SB.
This comparison is recreated with an RGB image (Fig-
ure 6) where Hα and soft X-ray emission are displayed
in red and green, respectively.
5.2. X-ray spectra and luminosity from diffuse emission
The same method was employed to extract the spectra
of the diffuse emission and make the analysis of the su-
perbubble N 185. The spectra of the EPIC MOS1/2 and
EPIC PN were extracted from a circular region encom-
passing the entirety of N 185 superbubble. The point
sources in this region were excluded from the analy-
sis. The background contribution was estimated from
blank sky data for each EPIC-MOS1/2 and EPIC-PN
data. The background subtracted source spectra are
shown in Figure 7. We present the EPIC MOS1 and
pn spectra in the interval of energy ([0.2 − 1.1]) keV
and ([0.4 − 1.1]), respectively. Absorbed APEC model
was used to fit this spectrum. Figure 7 displays both
the observed spectra and the best-fit model spectrum.
To obtain this best-fit model, with a reduced χ2 = 1.6,
X-ray from SBs N 70 and N 185 5
Fig. 2.— The mosaic EPIC images of N 70, in the ([0.4− 1.5]) keV energy band. Top row: left, the raw data, combined EPIC MOS1/2
and pn image; right, the combined EPIC smoothed image. Bottom row: left, X-ray contours at 3σ, 4σ and 5σ above the cosmic background
level are superposed onto the smoothed image; right, a comparison between the Hα emission of N 70, which was taken from the Magellanic
Cloud Emission Line Survey (MCELS; Smith et al. 1998), and the X-ray emission (in black contours). Note the X-ray emission observed
to the West, it is external to the optical superbubble, which is related to some field sources detected in this observation.
Fig. 3.— RGB image of N 70. MCELS image of Hα emission is
shown in red, while the diffuse soft X-ray emission is displayed in
green.
Fig. 4.— XMM-EPICs background subtracted source spectra of
the diffuse X-ray emission from N70. The solid lines show the best-
fit model. In black, red and green EPIC MOS1, MOS2 and PN,
respectively.
we have set the chemical abundance at the LMC aver-
age values (i.e., 0.3 times solar abundance (Russell &
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Fig. 5.— The mosaic EPIC images from N 185, in the ([0.4 − 1.5]) keV energy band. Top row: left, the raw data, combined EPIC
MOS1/2 and pn image; right, the combined EPIC smoothed image. Bottom row: left, X-ray contours at 5σ, 6σ and 9σ above the cosmic
background level are superposed onto smoothed image; a comparison between the Hα emission of N 185, which was taken from the MCELS
(Smith et al. 1998), and the X-ray emission (in black contours).
Dopita 1992; Hughes et al. 1998)), and we used a col-
umn density value NH = 5.0 × 1020 cm−2 in agreement
with previous measurements of column densities in the
LMC direction (Dickey & Lockman 1990). Plasma tem-
peratures of kT = 0.20 keV, the observed total flux of
the diffuse X-ray emission, corrected for absorption, is
(0.6 ± 0.1) × 10−12 erg cm−2 s−1 in the [0.2 − 1.1] keV
range (see Table 3 ), which corresponds to X-ray lumi-
nosity (at the LMC distance of 54 kpc, Feast (1999)) of
2.1± 0.7× 1035 erg s−1.
6. DISCUSSION AND CONCLUSIONS
We conducted a detailed study based on XMM-Newton
data of the SBs N 70 and N 185, in the LMC. We have
generated both X-ray images and spectra of these ob-
jects. In both SBs, we find soft diffuse X-ray emission.
Soft X-ray emission comes from the inner region of the
SBs (i.e., interior to the optical shells). Our results show
thermal spectra from SBs which are associated with the
soft X-ray emission.
As discussed in Section 2, there is an analytical model
that aims to explain the soft X-ray emission from bubbles
and superbubbles (Weaver et al. 1977), and has become
the standard model for SBs. According to this model,
the supersonic winds from massive (OB stars) interact
with the interstellar medium forming an expanding cold
shell (∼ 104 K) with a hot interior (∼ 106 K) of shocked
wind. We have calculated the X-ray luminosity from su-
perbubbles N 70 and N 185, using the Eq. (5). In this
calculation we only take into account the stars that dom-
inate the mechanical luminosity of the stellar cluster as-
sociated with these superbubbles (see Rosado et al. 1981,
1982; Oey 1996a). Using the high terminal velocities and
mass loss rates of stars with similar spectral types and
luminosities, and considering the average observational
parameters for both superbubbles: an expansion veloc-
ity of 70 km s−1, SB radius of 50 pc, and ambient density
of 0.1 cm−3 (from Eq. 5), the soft X-ray luminosity is
6×1034 erg s−1 for N 70 and 5×1033 erg s−1 for N 185.
From our observations we obtain an X-ray luminosity
of 2.4×1035 erg s−1 for N 70, and of 2.1×1035 erg s−1
for N 185 (see Table 4). Therefore, the X-ray luminosity
predicted by the standard model is four times lower than
the observed values for N 70, and 40 times lower than
observed for N 185. In this cases the standard model
of wind-blown bubbles cannot explain the observed soft
X-ray emission of these SBs.
In a previous work, Rodr´ıguez-Gonza´lez et al. (2011)
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Fig. 6.— RGB image of N 185. As in Figure 5 the MCELS Hα
and the diffuse soft X-ray emissions are displayed in red and green,
respectively.
Fig. 7.— XMM-EPICs background subtracted source spectra of
the diffuse X-ray emission from N 185. The solid lines show the
best-fit model. In black EPIC MOS1 and PN in green.
carried out numerical models of the SB evolution applied
to N 70. As does the standard model, their models pre-
dict that the primary X-ray emission will be in the soft
X-ray band and that it has a thermal origin (∼ 106 K).
In that work several models were performed in order to
reproduce the soft X-ray luminosity, the high expansion
velocity and the large radius of this superbubble. The
model including both a supernova explosion (absent in
the standard model of Weaver et al. 1977) and the stel-
lar winds fits quite well with the kinematics of the optical
shell, and the excess of thermal X-ray emission of N 70.
An X-ray luminosity of 2×1035 erg s−1 was obtained for
this model, a value that agrees with the observed X-ray
luminosity obtained for N 70 in this paper (see Table 4).
For N 185, the same arguments can be employed to
justify the inclusion of a supernova, and indeed, non-
thermal radio emission has been detected as mentioned
in the Introduction. A supernova explosion is also con-
sistent with the stellar population models for N 70 and
N 185 presented by Oey (1996b), in which 13 and 15 mas-
sive stars, respectively, are found between 12 and 40 M.
A 60 M star could be expected using a standard initial
mass function for both superbubbles and, if formed with
the rest of the cluster, it would already have exploded as
an SN. Thus, the kinematics, the size and the excess soft
X-ray emission of these SBs can be explained by a SN
exploding in a wind-blown SB.
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TABLE 1
Log of Observations in this paper.
Target name Obs ID Position (J2000) Date Time Effective
(RA, DEC) (yyyy/mm/dd) Exposure (ks) Exposure (ks)
N 70 0503680201 (05h43m25.s0, −67d51m12.s0) 2008/01/26 38.3 21.0(MOS)/12.5 (pn)
N 185 0503680101 (04h53m47.s40, −69d59m15.s0) 2008/03/10 20.5 8.3 (MOS)/5.5 (pn)
TABLE 2
X-ray from N 70:Best-fit parameters of the spectral model
Model NH k T nenpV
×1020 cm−2 keV ×1058cm−3
Absorption 5.0 -
Apec 0.22(0.21-0.23) 3.4±0.1
Flux=(0.7± 0.1)× 10−12 erg cm−2 s−1
χ2/d.o.f = 320.57/242
TABLE 3
X-ray from N 185:Best-fit parameters of the spectral model
Model NH k T nenpV
×1020 cm−2 keV ×1058cm−3
Absorption 5.0 -
Apec 0.20(0.19-0.21) 3.2±0.4
Flux=(0.6± 0.2)× 10−12 erg cm−2 s−1
χ2/d.o.f = 151.02/94
TABLE 4
Soft X-ray luminosities, comparison between observed and predicted of the SBs
XMM-Newton observation Predicted Numerical
(Weaver at al.) model*
LX (10
35 erg s−1) LX (1035 erg s−1) LX (1035 erg s−1)
N 70 2.4± 0.4 0.6 2.0
N 185 2.1± 0.7 0.05
